This work contributes informed estimates to the current debate about the pandemic (H1N1) 2009 mass immunization program's economic merits. We performed a cost-utility analysis of the (H1N1) 2009 mass immunization program in Ontario, Canada's most populous province. The analysis is based on a simulation model of a pandemic (H1N1) 2009 outbreak, surveillance data, and administrative data. We consider no immunization versus mass immunization reaching 30% of the population. Immunization program costs are expected to be $118 million in Ontario. Our analysis indicates this program will reduce influenza cases by 50%, preventing 35 deaths, and cutting treatment costs in half. A pandemic (H1N1) 2009 immunization program is likely to be highly cost-effective.
Background
Since the H1N1 vaccine approval on October 21, 2009 in Canada, the largest vaccination program in the country's history has been rolled out. The vaccine's efficacy and the program's effectiveness [1] have been estimated. However, in the face of rising vaccination program costs, there is increasing public discussion about whether the program represents good value for the healthcare dollar.
Methods
We performed a cost-utility analysis from the health care payer perspective perspective in the Canadian province of Ontario (population 13,000,000). This economic evaluation utilized a simulation model of a pandemic (H1N1) 2009 outbreak in a Canada city [2] . Attack rates for symptomatic cases were projected for four age groups under two strategies: (a) no vaccination, and (b) mass vaccination of 10% of the population per week, starting 40 days into the pandemic and lasting until 30% vaccine coverage is reached. We assume it takes 20 days for an individual to develop immunity. Patients with influenza A (H1N1) were treated with oseltamivir. Population-weighted mean predicted attack rates were 21% and 11% for strategies (a) and (b) respectively. Probabilities for health care resource use (office visits, emergency department (ED) visits, hospitalizations, intensive care unit (ICU) admissions, use of extracorporeal membrane oxygenation (ECMO)) and deaths were based on pandemic (H1N1) surveillance data in Ontario and Australia, and Ontario administrative data, covering the entire population of
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Discussion
We estimate that the pandemic (H1N1) 2009 mass immunization program in Ontario, Canada is highly cost-effective under conservative assumptions on healthcare resource use, costs, and mortality. This is consistent with the economic attractiveness demonstrated for seasonal influenza programs [13] [14] .
Estimates of hospitalizations and mortality are based on laboratory-confirmed cases. In the base case, we expect 67 deaths. By contrast, the average annual estimated number of deaths related to seasonal influenza in Ontario is 500 to 1,200 ( [15] , and J.C. Kwong, unpublished) . While the number of deaths associated with the 2009 pandemic may be lower in part because of relative sparing of older adults from disease, counting only laboratory-confirmed cases may also cause a significant underestimation. Similarly, we only include costs directly related to the treatment of pandemic (H1N1) cases. For example, the effects of the increased demand on health care services-such as cancelling elective surgery-are not included. Also, because of limited data this analysis also does not include vaccine-associated adverse events. While inclusion of serious adverse events reduces costeffectiveness, we would not expect it to diminish the fundamental cost-effectiveness of the program if the incidence of such events remains low [2] .
Public health physicians and officials have traditionally focused on containing the spread of infectious disease and mitigating disease burden. But those who organize and deliver public health services are also faced with the resource constraints that affect every other part of the healthcare system. We think it is unlikely that economic considerations will ever be, or should ever be uppermost in the minds of those battling a pandemic. However, it is reassuring to know that Canada's response to the current pandemic appears to be reasonable when viewed through the lens of careful stewardship of scarce resources.
